Abstract. The aim of the present study was to identify candidate microRNAs (miRNAs) involved in the progression of renal fibrosis. Dataset GSE42716 of miRNAs extracted from kidneys from mice with unilateral ureteral obstruction (UUO), and mice without UUO was downloaded from the Gene Expression Omnibus database. The Limma package was used to identify differential expression between mice with and without UUO. Renal disease-related miRNAs were predicted based on the miRWalk database. Thereafter, candidate miRNAs were screened by taking the intersection of differentially expressed miRNAs and predicted miRNAs, followed by screening of target genes using miRWalk and transcription factors using the TransmiR database. An integrative regulatory network was constructed using Cytoscape software. Enrichment analysis of target genes was also performed. In total, 76 differentially expressed miRNAs were identified in kidneys with UUO compared with the normal samples based on dataset and 9 miRNAs were identified as related to renal disease from the miRWalk database. A Venn diagram revealed two overlapping upregulated miRNAs; miR-146b and miR-21. Transcription factor NFKB1 may activate miR-146b and AKT may activate miR-21. In addition, miR-21 had a regulatory effect on IFNG expression and miR-146b may regulate the expression of BCL2, PTEN and IFNG. Furthermore, target genes of miR-146b and miR-21 were significantly enriched in 14 Gene Ontology terms including regulation of cell proliferation (e.g., BCL2, PTEN and IFNG). Overexpression of miR-21 may be activated by AKT2 and contribute to renal fibrosis by negatively regulating IFNG expression. Furthermore, miR-146b may be activated by NFKB1 and subsequently reduce the expression of BCL2, PTEN and IFNG in the progression of renal fibrosis.
Introduction
Renal fibrosis is the result of abnormal assembly of the extracellular matrix, which ultimately leads to renal failure progression, and advanced and end-stage renal disease (1) . Renal fibrosis covers four overlapping stages: The fibrogenic stage, activation, expansion and progression (2) . Transforming growth factor-β (TGF-β) signaling is the important mediator in the progression of renal fibrosis via inducing the extracellular matrix to form renal scarring (3) . Mitogen-activated protein kinase (MAPK) serves a role in the extracellular matrix in renal fibrosis as being downstream of TGFβ (4) . The underlying molecular mechanisms (e.g. TGFβ and MAPK signaling) are suggested as therapeutic targets of renal fibrosis (5) .
MicroRNAs (miRNAs), characterized as noncoding RNAs of 18-25 nucleotides, are revealed to take part in the regulation of TGF-β-induced renal fibrosis (6) . miR-21 is the TGFβ-induced miRNA, which is upregulated in tubular epithelial cells and promotes renal fibrosis (7) . However, miR-29 can be inhibited by TGF-β, thereby facilitating the extensive accumulation of the extracellular matrix in renal fibrosis (8) . In addition, miRNAs serve fundamental roles in tissue fibrosis by either blocking the translation or inducing the degradation of target mRNAs, therefore targeting specific miRNAs may lead to novel therapeutic methods for treating renal fibrosis (9) .
Unilateral ureteral obstruction (UUO) is a representative model for researching renal fibrosis resulting from non-inflammatory surgical insult (10) . Previously, mice were treated with UUO to identify the involved miRNAs in renal fibrosis (11) . Using a different analysis process, the current study aimed to identify candidate miRNAs specifically associated with renal fibrosis based on microarray dataset GSE42716, followed by screening of upstream transcription factors and target genes of the candidate miRNAs. Additionally, enrichment analysis of target genes was also performed in order to explain the involvement of candidate miRNAs in renal fibrosis. The workflow of the present study can be seen in Fig. 1 .
Materials and methods
Microarray data of miRNA. Microarray dataset GSE42716 of miRNA extracted from kidneys from four mice with UUO and four matched mice without UUO were downloaded from the
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Gene Expression Omnibus database (12) . These microarray expression profiling data were previously investigated using GPL10834 Agilent-021828 Unrestricted Mouse miRNA Microarray (V2, Agilent Technologies, Inc., Santa Clara, CA, USA). All animal studies have been approved by Keio University Animal Ethics Committee (Shinjuku-ku, Tokyo, Japan) and performed in accordance with the ethical standards.
Data processing and screening of differentially expressed miRNAs. The raw expression data on probe-level were converted into recognizable miRNA expression data, followed by median normalization and log 2 transformation using Affy package in R (13) . The expression values of probes corresponding to each miRNA were averaged to obtain the expression level of the miRNA. Differentially expressed miRNAs in mice with UUO compared with the normal mice were screened with the criteria of |log 2 fold-change (FC)|>1 and false discovery rate (FDR) <0.05 using Limma package in R (14) .
Screening of candidate miRNAs, their target genes and transcription factors.
The miRNAs related to renal disease were predicted using miRWalk database (15) . Then, the candidate miRNAs specifically associated with renal fibrosis were screened by taking the intersection of differentially expressed miRNAs identified in the present study and the predicted miRNAs using the miRWalk database. The persuasive target genes of candidate miRNAs were subsequently predicted using the miRWalk database, together with screening of upstream transcription factors targeting candidate miRNAs using the TransmiR database (16) .
Integrative regulatory network construction. The interacting pairs among target genes were identified using the Search Tool for Retrieval of Interacting Genes database with the combined score >0.4 (17), followed by construction of integrative regulatory network among transcription factors, miRNAs and target genes using Cytoscape software (version 3.0.1; http://www. cytoscape.org/) (18) .
Enrichment analysis of target genes from the integrative regulatory network.
To reveal the potential biological functions or pathways that may be changed by the differentially expressed miRNAs, Gene Ontology (GO) term (19) and Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment analysis (20) were separately performed for the target genes of candidate miRNAs using Database for Annotation, Visualization and Integrated Discovery (DAVID) database (21) and KEGG Orthology Based Annotation System (KOBAS) tool (22) with the criterion of P<0.05.
Results

Differentially expressed miRNAs.
With the criteria of |log 2 FC| >1 and FDR <0.05, 76 differentially expressed miRNAs were obtained, including 15 downregulated and 61 upregulated miRNAs in kidneys with UUO compared with the normal samples.
Screened candidate miRNAs, target genes and their transcription factors.
A total of nine miRNAs were predicted to be associated with renal disease using the miRWalk database. By taking the intersection of the nine predicted miRNAs and 76 differentially expressed miRNAs analyzed by a Venn diagram, upregulated miR-146b and miR-21 were identified as candidate miRNAs specifically associated with the disease of renal fibrosis (Fig. 2) . Then, 74 target genes of miR-146b and 587 target genes of miR-21 were screened using the miRWalk database, followed by identification of transcription factor NFKB1 activating miR-146b and activating miR-21 using the TransmiR database (Table I) .
Integrative regulatory network analysis. The interactions between target genes, regulatory effect of miRNAs on the target genes and transcription factors on miRNAs were presented in the integrative regulatory network which included 39 nodes representing target genes, 140 edges representing interactions between genes, two miRNAs and three transcription factors (Fig. 3) . Based on the regulatory network, miR-21 had a regulatory effect on IFNG expression and miR-146b may negatively regulate the expression of BCL2, PTEN and IFNG.
GO functions and KEGG pathways enrichment analysis.
Enrichment analysis using DAVID and KOBAS databases revealed the target genes of miR-146b and miR-21 were significantly enriched in 14 GO terms including regulation of cell proliferation (P=1.2E-17, such as BCL2, PTEN and IFNG), and two KEGG pathways of the TGF-β signaling pathway (P=2.78E-03) and the MAPK signaling pathway (P=1.11E-13; Table II ).
Discussion
miRNAs have been previously revealed to serve an important role in initiating and promoting the pathologic processes in the progression and development of renal fibrosis (23) . By analyzing the microarray data of miRNAs, the current study obtained 76 differentially expressed miRNAs in mice with UUO compared with the control mice. Based on the miRWalk database, nine miRNAs were predicted to be associated with renal disease. By taking the interaction of the 76 differentially expressed miRNAs and 7 renal disease-related miRNAs, miR-146b and miR-21 were identified to be candidate miRNAs. Additionally, NFKB1 may activate miR-146b and AKT may activate miR-21. Furthermore, target genes (e.g. BCL2, PTEN and IFNG) of miR-146b were primarily involved in the regulation of cell proliferation. Highly expressed miR-21 is positively correlated with kidney fibrosis (23) . The overexpression of miR-21 is induced by TGF-β signaling (7), which regulates the deposition and contraction of extracellular matrix in renal fibrosis (6, 8, 24) . Similarly, in the present study, miR-21 was identified with significant upregulation. Besides, based on the regulatory network, miR-21 had a regulatory network on the expression of IFNG. Previously, administration of IFNG was demonstrated to reduce collagen III and IV expression and inhibit renal fibrosis in rats with subtotal nephrectomy (25) . Thus, the overexpressed miR-21 may lead to inactive IFNG, thereby promoting renal fibrosis. Additionally, AKT may activate miR-21 from the regulatory network. In the mouse model of UUO, AKT2 expression dramatically increases and AKT2 knockout inhibits UUO-induced activation of epithelial-to-mesenchymal transition and kidney fibrosis (26) . It therefore can be inferred that the overexpressed miR-21 in mice with UUO may result from upregulated AKT2 and inversely negatively regulate IFNG expression, which may make a contribution to renal fibrosis.
In addition, miR-146b was also identified as upregulated in mice with UUO, which had not been reported previously. In the remodeling of atrial fibrosis, miR-146b is overexpressed and the transfection of miR-146b into cardiac fibroblasts markedly reduces expression of metallopeptidase inhibitor 4 and reversely increases collagen content (27) . In the present study, miR-146b may negatively regulate the expression of BCL2, PTEN and IFNG, which were enriched in the GO terms of regulation of cell proliferation. Enhancive cell apoptosis and proliferation may contribute to the progression of renal fibrosis and their inhibition may help ameliorate renal fibrosis (28, 29) . The expression of anti-apoptotic protein BCL2 gradually reduced with time following UUO, thereby contributing to increased cell apoptosis and renal fibrogenesis (30) . In a previous study, loss of PTEN expression, accompanied by increased TGF-β signaling, led to failed differentiation and caused fibrosis in the proximal tubules (31) . Additionally, IFNG exerts an inhibitory effect on renal fibrosis in rats with subtotal nephrectomy (25) . Thus, the overexpressed miR-146b in mice with UUO may contribute to renal fibrosis via suppressing the expression of BCL2, PTEN and IFNG. In addition, transcription factor NFKB1 may activate miR-146b. NFKB can be upregulated by the pro-fibrotic cytokines and serve a role in the obstruction-induced cell apoptosis renal fibrosis (32) . Therefore, miR-146b may be activated by NFKB1 and subsequently reduce the expression of BCL2, PTEN and IFNG, contributing to renal fibrosis. However, further research should be conducted to validate these results.
In summary, based on the microarray data of miRNAs, the present study identified two candidate miRNAs, miR-146b and miR-21. The overexpression of miR-21 was in accordance with the previous reports (7, 23) . However, the current study further indicated that the overexpressed miR-21 in mice with UUO may be activated by AKT2 and contribute to renal fibrosis via negatively regulating IFNG expression. Notably, the study also obtained another markedly expressed miRNA in mice with UUO, namely miR-146b. Furthermore, miR-146b may be activated by NFKB1 and subsequently reduce the expression of BCL2, PTEN and IFNG in the progression of renal fibrosis. These present findings suggested the potential usage of miR-146b and miR-21 as diagnostic and therapeutic biomarkers for renal fibrosis. However, further studies should be designed to confirm these results. 
